The purpose of this study was to investigate the effects of silanized spherical silica fillers (SF) on the immediate and 24-hour marginal gaps of resin-modified glass-ionomer cement (RMGIC) in tooth cavities. In correlation with marginal gap formation in the tooth cavity, these influencing factors were also examined: marginal gap and setting shrinkage of cement in the Teflon mold, as well as the shear bond strength to tooth substrate.
INTRODUCTION
Glass-ionomer cements (GICs) possess several beneficial properties, including physicochemical adhesion to tooth structures and release of fluoride ions. Newer versions of light-cured glass-ionomer, which are known as resin-modified glass-ionomer cements (RMGICs), combine the favorable properties of GICs with those of resin composites. These include the inherent adhesion and cariostatic properties of the former and the command setting behavior, good mechanical properties, and wear resistance of the latter1-4).
Compared with conventional analogs, RMGICs have been characterized as having a longer working time, a rapid set, improved appearance and translucency, in addition to a higher early strength along with higher bond strength to enamel and dentin2,4-9).
As a result, RMGICs also have less microleakage than conventional GICs6-8,10,11). However, RMGICs still need surface protection to reduce margin microleakage12), and they also show less fluoride release and caries resistance than GICs13).
In a previous study14), we reported that the addition of spherical silica fillers to a RMGIC powder improved the workability of the cement.
The addition of silanized spherical silica fillers (SF) increased the compressive strength, diametral tensile strength and flexural strength, and reduced the water uptake of RMGIC. It was shown through the previous study that SF improved the mechanical properties of the cement more than untreated spherical silica fillers (UF)14). Indeed, the success of SF addition would Marginal gap in tooth cavities Human premolars (N=10 for each material and condition) were embedded in a slow-setting epoxy resin (Epofix Resin, Struers, Copenhagen, Denmark). Flat enamel surfaces on the proximal area of the teeth were obtained by grinding with wet silicon carbide paper (# 800). The cylindrical cavity on the coronal region of each tooth was prepared to a depth of approximately 1.5mm with a diameter of 3.5mm with a tungsten carbide bur (200,000rpm) and a fissure bur (8,000rpm) using water spray. The dimensions of the cavity were measured using a vernier caliper (U39818, Mitutoyo, Kawasaki, Japan).
Each three samples were prepared. After each specified period, the samples were removed from the medium, and 10ml of the medium was transferred to another vial and mixed with 1ml of TISAB III solution (Thermo Orion, Beverly, USA). The amount of fluoride ions released from the RMGIC sample in this solution was measured using a pH/ion meter (F23-S937, Horiba, Kyoto, Japan 
RESULTS
Marginal gap in tooth cavities Table 1 lists the effects of spherical silica fillers on the marginal gap in tooth cavities. The marginal gaps of all SF-added RMGICs were 67% of the control's or less. The marginal gap of SF10 was 63% of the control's or 83% of FLCEM's, while that of UF10 was 62% of the control's or 81% of FLCEM's. Comparing the sums of the immediate gap width using a non-parametric t-test20,21), all materials with fillers showed significant differences from the control and FLCEM (p<0.05). However, there were no significant differences among SF5, SF10, and UF10; or among SF5, SF10, and UF20; or between SF20 and UF5. After 24-hour storage in distilled water, there were no significant differences among the control, FLCEM, and UF20, as well as Shear bond strength to enamel and dentin Table 3 lists the effects of spherical silica fillers on the shear bond strength of RMGIC to enamel. Examining the immediate shear bond strengths to enamel, there was a significant difference between SF5 with the control and with UF20 (p<0.05).
After 24-hour storage, there was a significant increase (p<0.05) in shear bond strength to enamel, and SF5 showed the highest shear bond strength value. Table 4 lists the effects of spherical silica fillers on the shear bond strength of RMGIC to dentin. There were no significant differences among the immediate shear bond strengths to dentin. However, after 24-hour storage, SF5 and FLCEM showed a significant difference in comparison with SF10, SF20, UF10, and UF20. There was also a significant increase (p<0.05) in shear bond strength to dentin after 24-hour water storage. However, the increase was not significant in SF20 and UF20.
During the course of shear bond strength tests, the majority of failures occurred in RMGIC itself rather than at the RMGIC/tooth interface, which is defined as a cohesive failure25,26). These factors include cavity preparation method27), cavity pretreatment, curing shrinkage28-30), and hygroscopic expansion22 23,28) of the material.
For RMGICs, stress development due to cement setting starts immediately after light irradiation is commenced31), and curing shrinkage can create marginal gaps that may contribute to restoration failure28,29). Therefore water exposure was recommended to control stress development32,33), and it was suggested to delay polishing by at least one day to prevent gap formation at the cement-tooth cavity interface by anticipating the hygroscopic expansion of the restorative material22,23,31). This effect was reported as uptake of water by the RMGIC matrix to form a poly-HEMA complex33).
It was reported that the 24-hour water uptake of SF-added RMGICs was less than that of UF-added RMGICs or the original RMGIC14). However, after 24-hour storage there were no significant differences between the marginal gap widths of SF-added RMGICs and those of UF-added RMGICs, except for UF20. Nonetheless, RMGICs added with either filler type showed significant differences in comparison with the control and FLCEM (Table 1) . Although the hygroscopic expansion did not entirely compensate the setting shrinkage in the Teflon mold (Table  2) after 24-hour water storage, the marginal gaps in tooth cavities were remarkably eliminated.
At the immediate time point, the marginal gaps in the Teflon mold were about three-fold of those in the tooth cavity (Fig. 1) . Smaller marginal gaps observed in the tooth cavity than in the Teflon mold clearly demonstrated that adhesion between the cement and cavity walls was an important factor influencing marginal gaps30). For this reason, direct studying of marginal gaps in tooth cavities was a useful simulation of clinical conditions23). However, by examining the setting shrinkage in the Teflon mold, the marginal gap in the tooth cavity could be predicted since there was a linear correlation between the values30) (Fig. 3) .
It was reported that resin infiltration into the expanded decalcified layer would prevent microleakage and nanoleakage34).
Furthermore, marginal integrity is of primary importance in maintaining the long-term function of resin-based restorations35). At the immediate time point, when compared with the control, the SF-and UF-added RMGICs had significantly less marginal gaps in the tooth cavity and setting shrinkage in the Teflon mold. This occurred due to one or both of the following reasons.
First, the SF-or UF-added RMGIC was mixed with higher P/L.
The higher the P/L, the smaller the marginal gap31) and the greater mechanical strength of the GIC14,31,36). Second, the spherical form of silica fillers increased the flowability of RMGIC14), leading to better penetration into the decalcified layer and reducing the immediate marginal gap. Following post-set water uptake, the acidic monomers of RMGIC ionize then react with the glass filler to initiate an acid-base reaction, producing ionic cross-linking37).
In these dual setting systems, resinreinforcement produces higher bond strengths to dental tissues as well as enhanced mechanical strength7,29). Van Meerbeek et al.37) found a gradual transition of resin concentration in the decalcified superficial dentin.
Resin concentration was highest at the top of the hybrid layer, and lowest near the base. If resin did not penetrate through the full depth of the decalcified zone, the non-infiltrated weak collagen layer at the bottom of the zone would perhaps be susceptible to long-term hydrolitic degradation38). Since the majority of shear bond failures were cohesive failures, the interfacial bond formed between the RMGIC and the solid substrate was stronger than the cohesive bond within the material itself7). However, at the immediate time point, UF20 showed apparently less cohesive failure than other materials. It was thought to stem from poor bonding of UF to the RMGIC matrix14). As a result, the reaction was delayed, hence affecting the penetration of RMGIC to the decalcified layer. This condition should be studied further.
There was a tendency for the shear bond strength to enamel and dentin to decrease when a large amount of fillers was added. This was clearly shown with the addition of 20wt% filler, especially in UF20. As mentioned previously, since UF did not bond with the RMGIC matrix14), a large amount of U F may act as an impurity that hinders the reaction in RMGIC.
In contrast, SF5 showed higher shear 
